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How do tissues communicate about 
blood glucose levels?

• Hormones: 
– Insulin 
– Glucagon

• Nervous system
– Ephinephrine
– Cortisol

• Circulating substrates



Insulin
• Produced by the beta cells of the pancreas

• Anabolic effects on metabolism
• Intravenous administration leads to immediate 

decrease in blood glucose
• Defects can lead to diabetes

Islet of 
Langerhans cells 
produce insulin

duct



Structure of
Insulin

• 2 polypeptide chains 
linked by disulfide 
bonds

• Disulfide bonds also  
link A chain together

• Insulin forms hexamer 
for greater stability



Production of insulin
to treat diabetes

• Discovered in 1921 by Banting and Best 
– (won Nobel prize in 1923)

• Porcine insulin
– Only differs from human by one amino acid

(at the C-terminus)
– Replacement of amino acid allows production 

of human insulin

• Recombinant DNA technology
– 1985 began producing insulin in bacteria



Recombinant DNA technology 
to produce insulin



Metabolic effects of insulin

• Carbohydrate
• Lipid

• Protein



Insulin induces glucose uptake

Increases glucose uptake through increased glucose transporters

Glut4 protein in adipocytes



Carbohydrate metabolism and 
insulin

• Affects liver, muscle and adipose tissue
• Inhibits gluconeogenesis and glycogenolysis
• Increases glycogenesis and glycolysis

Glycogen

Glucose

Pyruvate

GlycogenesisGlycogenolysis

GluconeogenesisGlycolysisInsulin

Insulin



Lipid metabolism
and insulin

• Decrease in triacylglycerol degradation 
– Inhibits the action of hormone sensitive lipase

• Increase in triacylglycerol synthesis
– Increases glucose transport-providing 

glycerol3phosphate 
– Increases lipoprotein lipase in adipose tissu, 

providing FA



Protein metabolism and insulin

• Stimulation of entry of amino acids into 
cells and protein synthesis

Protein
synthesis

aa1.

2.





Time course for insulin action
• Immediate increase in 

glucose uptake into cells 
(seconds)

• Changes in enzymatic 
activity (minutes)

• Increase in enzyme 
synthesis:  glucokinase, 
PFK1, pyruvate kinaase 
(hours to days)
– Changes in gene 

transcription

Glucose 
transporter

glu

PFK1

enzyme activity

Changes in gene expression



Prevalence of Diabetes Mellitus in the BLSA
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Effect of Age on Fasting and 
Two Hour Plasma Glucose Level
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Effect of Age on Fasting and 
Two Hour Plasma Glucose Level
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http://www.bartleby.com/107/251.html
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Plasma Insulin for OGTT
by Age Groups
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Pulsatile Insulin Secretion from 
Plasma Samples at One Minute Intervals 

from Portal Vein (P. Butler et al)

In
su

lin
 C

on
ce

nt
ra

tio
n 

(p
m

ol
/l)

Time (mins)

1. Insulin is secreted in a pulsatile fashion
2. 7-8 pulses/hr are evident











Plasma Insulin Levels during a Hyperglycemic / Hyperinsulinemic Clamp in Diabetic Patients
with a Continuous Pump Infusion of GLP-1
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1.) First-phase insulin response returns after 3 months GLP-1 treatment 

2.) Plateau-phase returns after 3 months GLP-1 treatment



Insulin Burst Amplitude Ascertained from One Minute Plasma Insulin 
Levels Over 4 Hour Sampling Period
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Pre- and Post Hemoglobin A1c Levels
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